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ing by ElsAbstract Background and purpose: Conventional MR imaging permits subcategorization of brain
tumors; however, assessment of relation of the tumor to eloquent cortical centers is limited. Func-
tional MRI (fMRI) is a promising method for visualizing cortical brain centers and for studying
their relation to brain tumors which is an essential factor in proper planning of treatment strategy.
The aim of this study is to assess and evaluate the value of fMRI in guiding preoperative decision
making in patients with brain tumors.
Materials and methods: Both conventional and functional MRI were analyzed in 21 patients with
brain tumors, the decision for treatment strategy for each case was determined twice, ﬁrst with the
data provided by the conventional MRI alone, second with the data provided by conventional and
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Table 1 Showing clinical data and
Case # Age Sex
1 30 F
2 38 M
3 48 M
4 31 F
5 74 M
6 64 M
7 15 M
8 24 F
9 26 F
10 49 M
11 51 F
12 55 M
13 45 F
14 40 F
15 33 M
16 54 M
17 58 M
18 10 M
19 30 M
20 18 F
21 30 M
M=male, F = female. # = case num
216 H.M. Sakr et al.Results: Accurate localization of eloquent cortical centers and as well as detailed assessment of
their relation to the brain tumor were feasible in the majority of the examined patients, the data
provided by this new technique modiﬁed the treatment strategy in seven of them aiming to avoid
damage of eloquent brain areas.
Conclusion: fMRI can provide essential data about cortical centers and their relation with the
tumor helping in safer preoperative planning.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Functional magnetic resonance imaging (fMRI) is a modern,
non-invasive imaging technique which helps in localizing elo-
quent areas of the human brain without application of radia-
tion. Brain function is assessed indirectly with high spatial
resolution via detection of local hemodynamic changes in cap-
illaries and draining veins of so-called ‘‘functional areas’’, e.g.
regions of the human brain that govern motor, sensory, lan-
guage or memory functions (1).
Despite recent advances in surgery, radiation therapy, and
chemotherapy, the prognosis for patients with brain tumors re-
mains poor. Therapy of brain tumors aims at maximizing the
patient’s quality of life and prolonging life expectancy. To
accomplish these goals, surgical resection is performed to re-
move as much tumor as possible while minimizing damage
to healthy functionally eloquent brain tissue (2).
Pre-operative assessment including that afforded by blood
oxygen dependant (BOLD) fMRI of eloquent cortical centers
can provide important determinants of operative planning
(3); therefore the goal of this study is to evaluate the added va-
lue of fMRI to improve the pre-operative assessment of brain
tumors aiming to safe guard eloquent brain tissues during
surgery.pathological diagnosis and clini
Pathological diagnosis
Left frontal low grade glioma
Right fronto–temporo–parietal
Pachymeningeal metastatic dep
Left parasagital meningeoma
Left parietal high grade glioma
Left frontal high grade glioma
Left fronto–temporo–parietal h
Left frontal chloroma
Left Parietal recurrent high gra
Left fronto–temporo–parietal lo
Left fronto–parietal high grade
Right fronto–parietal High gra
Left frontal Low grade glioma
Right fronto–temporal meninge
Left frontal low grade glioma
Left fronto–parietal high grade
Left occipital high grade gliom
Right temporo–parietal low gra
Left frontal recurrent GBM
Right frontal low grade glioma
Left frontal low grade glioma
ber, UL= upper limb, LL = low2. Materials and methods
Twenty-one subjects were included in this study. Table 1 pre-
sents the characteristics of the study subjects. fMRI was done
for all of them; informed consent has been obtained from each
patient.
2.1. MRI data acquisition
Imaging was performed on a 1.5T scanner (Intera Philips). An
eight-channel head coil was used for reception of the signal
intensity. For anatomic reference, a high-resolution T1-
weighted 3D fast radio-frequency spoiled gradient-recalled
acquisition in the steady state with an inversion-recovery pre-
pulse sequence was used (TR/TE/TI, 9.7/4.6/400 ms; parallel
imaging [array special sensitive encoding technique SENSE]
acceleration factor = 2, matrix = 208 · 170, FOV= 23 cm,
section thickness = 0.8 mm, 260 contiguous sections). Acquisi-
tion time was 5:25 min. For functional imaging, a T2*-weighted
gradient-echo echo-planar imaging (EPI) sequence was used
(TR/TE = 2000/45 ms, matrix = 64 · 64, FOV = 22 cm, sec-
tion thickness = 5 mm, 50 contiguous sections). Acquisition
timewas 5:6 min per functional run, including ﬁve dummy scans
that were discarded from analysis.cal presentation of the patients.
Clinical presentation
Convulsions
low grade glioma Left UL and LL numbness and convulsions
osit Right sided facial and UL numbness
Right hemiparesis
Convulsions
Dysarthria
igh grade glioma Convulsions
Convulsions
de glioma Right hemiparesis
w grade glioma Right hemiparesis and convulsions
glioma Right hemiparesis
de glioma Left hemiparesis
Convulsions
oma Left hemiparesis and convulsions
Convulsions
glioma Convulsions
a Convulsions
de glioma Convulsions
Right hemiparesis
Convulsions
Headache
er limb.
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The choice of functional MRI tasks to be performed by the
subject was based on the location of the tumor and its pre-
sumed proximity to the different brain centers in addition to
the age of the patient and his medical condition that might lim-
it his ability to perform motor tasks and also his degree of lit-
eracy that might affect performing some language paradigms.
2.3. fMRI processing and analysis
Data processing and analysis of fMRI data were performed
ofﬂine. The T2*-weighted functional images were realigned
to correct for the subject’s motion during data acquisition.
Individual statistical parametric maps were calculated by using
the general linear model by modeling the ‘‘active’’ and ‘‘rest’’
conditions as a boxcar function convolved with the hemody-
namic response function. A t-contrast was then calculated
for the ‘‘active’’ minus the ‘‘rest’’ condition.
3. Results
The relation of the tumor border to the primary motor area
(PMA), primary sensory area, speech areas (Broca’s and
Wernick’s) and visual areas could be establishedwith fMRIusing
different tasks. This relation was classiﬁed according to the dis-
tance between the eloquent brain area and the tumor border into:   
A
C
Figure 1 Different relations between the eloquent brain areas and th
arrow) is more than 2 cm from the tumor (grey arrow) (B) PMA for th
(C) PMA for the right hand (white arrow) is less than 1 cm from the tum
(grey arrow).(a) Brain area is more than 2 cm away from the tumor.
(b) Brain area is 1–2 cm away from the tumor.
(c) Brain area less than 1 cm away from the tumor.
(d) Brain area lies within the tumor and/or inﬁltrated by it.
Some examples to illustrate this are shown in Fig. 1.
Conventional MRI images and reports for all of these pa-
tients were presented to and discussed with a single neurosur-
geon (HJ) aiming to determine if the eloquent areas (motor,
sensory-motor, speech and visual centers) are involved or
not. The neurosurgeon’s preliminary management decision
has been recorded and compared later to his second opinion
following a second analysis after presenting the fMRI along
with the conventional MRI images and the neuroradiology
reports.
The decision of management of the tumors has been chan-
ged following analysis of fMRI data in seven out of the
twenty-one cases (33%) in the following ways:
(1) Approach trajectory has been ﬁnely reﬁned in view of
fMRI data to safeguard eloquent brain areas (Broca’s
area in case #2 and Wernick’s area in case #5).
(2) Upgrading management decision to excision rather
than just a stereotactic biopsy in three cases (#1, 18
and 20) in view of fMRI data which revealed that
all the motor areas are more than 2 cm away from
the tumor. 
B
D
e brain tumors as shown by fMRI. (A) PMA for the hand (white
e right foot (white arrow) is 1–2 cm from the tumor (grey arrow).
or (grey arrow). (D) Broca’s area is totally inﬁltrated by the tumor
Table 2 Showing the effect of fMRI data on the decision of management.
Case
#
Pathological diagnosis Treatment decision
With conventional MRI data only With conventional and fMRI data
1 Left frontal low grade glioma Stereotactic biopsy and proceed according to
histopathology (FU, RT, CT)
Stereotactic craniotomy and excision
2 Right fronto–temporo–parietal
low grade glioma
Debulking Debulking with a trajectory safeguarding Broca’s area
3 Pachymeningeal metastatic
deposit
Stereotactic biopsy and proceed according to
histopathology
Stereotatic biopsy and proceed according to
histopathology
4 Left parasagital meningeoma Chemo/Radiotherapy Chemo/Radiotherapy
5 Left parietal high grade glioma Excision Excision with a trajectory safeguarding Wernick’s area
6 Left frontal high grade glioma Stereotactic craniotomy and excision. Stereotatic biopsy and proceed according to
histopathology (FU, RT, CT)
7 Left fronto–temporo–parietal
high grade glioma
Debulking (RT, CHT) Debulking (RT, CT)
8 Lt frontal Chloroma RT, CT RT, CT
9 Lt parietal recurrent high grade
glioma
Excision (RT, CT) Excision (RT, CT)
10 Left fronto–temporo–parietal low
grade glioma
Debulking Debulking
11 Left fronto–parietal high grade
glioma
Stereotatic biopsy and proceed according to
histopathology
Stereotatic biopsy and proceed according to
histopathology
12 Right fronto–parietal High grade
glioma
Stereotatic biopsy and proceed according to
histopathology
Stereotatic biopsy and proceed according to
histopathology
13 Left frontal Low grade glioma Excision Stereotactic craniotomy and excision.
14 Right fronto–temporal
meningeoma
Excision Excision
15 Left frontal low grade glioma Excision Excision
16 Left fronto–parietal high grade
glioma
Stereotactic biopsy and proceed according to
histopathology
Stereotatic biopsy and proceed according to
histopathology
17 Left occipital high grade glioma Stereotactic biopsy and proceed according to
histopathology
Stereotatic biopsy and proceed according to
histopathology
18 Right temporo–parietal low
grade glioma
Stereotactic biopsy and proceed according to
histopathology (FU, RT, CHT)
Stereotactic craniotomy and Debulking with a
trajectory safeguarding Motor strip
19 Left frontal recurrent GBM Debulking followed by RT Debulking followed by RT
20 Right frontal low grade glioma Stereotactic biopsy and proceed according to
histopathology (FU, RT, CT)
Stereotactic craniotomy and debulking with a trajectory
safeguarding Motor strip
21 Left frontal low grade glioma Follow up Follow up
# = case number, FU= follow up, RT= radiotherapy, CT = chemotherapy.
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Figure 2 A 64 years old male with left frontal high grade glioma presented by dysarthria (case 6). Axial (A) and sagital (B) views of the
motor paradigm for right hand showing the representation of the right hand on the left side (white arrow) is 1–2 cm from the tumor (black
arrow). Axial (C) and coronal (D) views of the motor paradigm for right foot showing the representation of the right foot on the left side
(white arrow) is more than 2 cm from the tumor (black arrow). Axial (E) view of the motor paradigm for lips showing the representation
on the left side (white arrow) is 1–2 cm from the tumor (black arrow). Axial (F) and sagital (G) views of the language paradigm showing
that Broca’s area (white arrow) is 1–2 cm from the tumor (not shown). Axial (H) and sagital (I) views of the language paradigm showing
that Wernick’s area (white arrow) is 1–2 cm from the tumor (black arrow).
Inﬂuence of fMRI on operative planning of brain tumors: Initial experience in a histopathologically 219(3) Downgrading management decision to stereotaxic
biopsy rather than excision in case #6 and to stereo-
taxic craniotomy instead of free hand excision in case
#13. In the former, fMRI data revealed left sided lan-
guage dominance (Broca’s area is 1–2 cm from the
tumor and Wernick’s area is less than 1 cm from
it). It also revealed that PMA for the hand and lips
are less than 1 cm from the tumor. These data indi-
cate risky surgery with high probability of signiﬁcant
post operative morbidity. In the later, fMRI revealed
that PMA for the right hand less than 2 cm from the
tumor.
4. Discussion
This study shows that fMRI is a feasible technique that could
be used in the preoperative assessment of patients with brain
tumors. Together, they can provide essential information on
the location of eloquent cortical areas. In this study, modiﬁca-
tion of treatment strategy was done in seven out of 21 patients,
this information cannot be obtained from conventional MR
imaging alone Table 2. Studies in the literature corroborate
the lack of postoperative neurologic deﬁcits in patients whohave undergone preoperative functional MR imaging (4–6).
The inﬂuence of functional MR imaging on therapy has also
been suggested in the literature (4,7) In a study by Wilkinson
et al. in 2003 (5) fMRI data was incorporated into neuronav-
igation-guided surgical approaches, functional MR imaging
facilitated safe tumor resection in anatomic areas that were
previously thought to be high risk, without intraoperative cor-
tical mapping, by means of conventional MR imaging. The
major goal of pre-surgical fMRI is the assessment of risk of
surgical removal of brain tumors by identifying the distance
between the margin of the tumor resection and the eloquent
or essential functional areas. Many authors have described a
‘‘golden rule’’ that a minimal distance for feasible surgical
resection is a distance of at least 10–15 mm between tumor
margin and an essential structure (8). However, this ‘‘golden
rule’’ of fMRI is subject to criticisms.
Our study showed that in fact the use of fMRI can provide
a better estimation of the proximity of tumor borders to elo-
quent brain areas sub-serving motor, language and speech
functions and this could be done in a reasonable amount of
time and well tolerated by brain tumor patients and that this
provides robust results usually very much needed by the neu-
rosurgeon. This in concordance with the work of prior studies
(8–11).
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Figure 3 A 18 years old female with right frontal low grade glioma presented by convulsions (case 20). Axial T1WI (A) and T2WI (B) as
well as coronal FLAIR (C) images showing right frontal low grade glioma (black arrow). Axial (D) and sagital (E) views of the motor
paradigm for left hand showing the representation of the left hand on the right side (white arrow) is about 1 cm from the tumor (black
arrow). Axial (F) and coronal (G) views of the motor paradigm for left foot showing the representation of the left foot on the right side
(white arrow) is less than 1 cm from the tumor (black arrow).
220 H.M. Sakr et al.Additionally, a low regional complication rate of surgery
(4%) observed in this series suggests that preoperative plan-
ning with these techniques may improve surgical outcomes
compared to that previously reported in the literature (8).
Although the known somatotopic distribution within the
precentral gyrus may allow speciﬁc region-of-interest place-
ment in the PMAs of the hand or the foot in healthy volunteers
based on structural anatomic images only, distortion by a mass
effect of the lesion renders this approach unreliable in patients
with brain tumor (12–14). In our study using fMRI, the PMAs
were accurately identiﬁed, and this information allowed reli-
able region-of-interest placement in the hand and foot PMAs
within the precentral gyrus. Also the same applied to language
cortical areas (Broca’s and Wernick’s) and this also helped in
accurately determining the dominant side (Figs. 2 and 3).
In our study, our protocol was short and clinically feasible.
Standard presurgical clinical fMRI examinations in patients
with brain tumors usually take approximately 30 min for a
protocol consisting of 3–4 paradigms including an anatomic
T1-weighted scan. Several limitations, however, need to be
considered. The ﬁrst of them is the relatively small number
of cases but we hope with growing awareness of the impor-
tance of the technique to have increased referral. The second
one is that we spend a relatively long time in building up
and optimizing our protocol especially the paradigms used to
study language centers as – for our knowledge – this is ﬁrst
experience to implement these paradigms using Arabic lan-
guage for Arab patients. Considerable efforts were also neces-sary in teaching and training the patient how to deal with the
different paradigms especially that some of them had disturbed
conscious level. The third limitation is the lack of specially de-
signed scientiﬁc software programs for post processing and
more accurate quantitative statistical analysis (the used ones
were commercial ones), however, this is not typically necessary
for studying brain tumor cases for pre-operative planning, but
is more needed for neurological cases as follow up of stroke of
MS cases after therapy. Lastly, is the current lack of a robust
way to convey our information to the neurosurgeon in his suite
as an integrated part that could be superimposed on his surgi-
cal viewing. Currently we provide images on ﬁlms or CD as
any other standard imaging procedure; the programs for better
optimal use of our data are available but need ﬁnancial sup-
port once our case load and referral increase.
In conclusion, We used an applicable protocol for pre-opera-
tive assessment of patients with brain tumors using fMRI which
inaddition to the conventionalMRI sequences canprovide essen-
tial informationabout the cortical eloquent centers and their rela-
tion to the designated tumor for surgery helping in pre-operative
planning aiming to avoidance of – or at least decrease – the post
operative neurological deﬁcits and complications.
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